Design Of Catadioptric Infrared Optical System With Wide Field  by Wen-Fang, Wang et al.
Procedia Engineering 15 (2011) 4568 – 4573
1877-7058 © 2011 Published by Elsevier Ltd.
doi:10.1016/j.proeng.2011.08.858
Available online at www.sciencedirect.com
Available online at www.sciencedirect.com
 
           Procedia Engineering  00 (2011) 000–000 
Procedia
Engineering
www.elsevier.com/locate/procedia
 
Advanced in Control Engineering and Information Science 
 
Design Of Catadioptric Infrared Optical System With Wide 
Field   
WANG Wen-fanga,ba*, YANG Xiao-xu a，ZHANG Hen-jina，LI Ganga 
a Xi’an Institute of Optics and Precision Mechanics of Chinese Academy of Science , Xi’an,710119, China  
b Graduate University of Chinese Academy of Science , Beijing, 100039,China  
Abstract 
 Many infrared optical systems usually adopt catoptric systems. Because that the system does not have chromatism 
and restriction of the working wave.  But the coma and astigmatism of off-axis point is large, so the field of view that  
we can use is restricted. In the needs of infrared early warning system for sea-based, a large field of catadioptric 
infrared optical system is designed. The optical system breaks the limitation of traditional reflective optical system 
with small field of view. The system adopts two methods to expand the field of view. One is adding the calibration 
group before the reflecting system .The other one is that the primary and secondary reflective mirror system are used 
of Mangin mirror. So the optical system avoids any high-order aspheric surface .In order to match the cold aperture 
exactly, lens group is inserted after the first image plane. The system’s field can reach 8 degree, and the ratio of 
obscuration is less than 0.4, and also optical transfer function achieves diffraction limit. 
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1. Instruction 
 Infrared optical system receives radiation from the target and background. It is concerned about the 
heat source. The system has advantage of high imperceptibility, strong anti-interference, and it can work 
at any time. [1] So the infrared optical system has been developed fully. For instance, infrared cameras  
can shoot equipment’s spots with over hot and building’s location where heat loss .In the medical field, it 
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can measure the body’s different temperature between the local surface. And it can be used to security 
protection. 
Many infrared optical systems usually adopt catoptric systems. Because the system does not have 
chromatism and restriction of the working wave band .Especially the reflectivity of the mirror can do very 
high， and the reflective optical system is often used in the splitting system. But the coma and 
astigmatism of off-axis point is large, so the field of view that we can use is restricted. In the infrared 
early warning system for sea-base ,in order to search the goals with large area ,wide field optical system 
are quite necessary. When Cassegrain  system’s  primary and secondary mirror both adopt the high-order 
aspheric surface  the field of view is still smaller than 0.50 degree[2]. In the paper, the system adopts two 
methods to expand the field of view effectively. One is adding the calibration group before the reflecting 
system .The other one is that the primary and secondary reflective mirrors are used of  Mangin mirror. 
In addition , the lens that is located in the back of the catoptric system is realized that the cold aperture is 
matched exactly. 
2. Design Example 
2.1 Technical index 
In the needs of infrared early warning system for sea-based,  a large field of catadioptric infrared 
optical system  is designed. Technical index is shown as table 1: 
Table 1.  Technical index of a table 
 
    parameters technical index  
ranging coverage 10km 
field of view 8 degree 
focal length 85mm 
F number    4 
size of thermal imager pixel  30um × 30um 
total number of pixels   320×240 
efficiency of cold aperture 100% 
central obscuration ratio <0.4 
optical transfer function achieving diffraction limit    
2.2 Designing concept  
There are two traditional methods to enlarge the field of reflective system.  One is that the primary 
and secondary reflective mirror both adopt the high-order aspheric. The other one is adding the 
calibration group before the reflecting system to correct astigmatism and coma .[3] But the two 
methods do not meet the needs of  technical index that the paper puts forward. 
In order to meet the actual needs, the paper advances that the primary and secondary reflective 
mirror system are used of Mangin mirror, and the calibration group is added before the reflecting 
system. To ensure that the slope angle of the primary mirror is less than 0.5 degree the angular 
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magnification of the calibration group must be very small. In order to match the cold aperture exactly,   
lens group is inserted after the first image plane.  
2.3. The basic structure design 
Classical Cassegrain system is composed with parabolic primary mirror and hyperboloid 
secondary mirror. And focus of parabolic primary mirror coincides with virtual focus of hyperboloid 
secondary mirror. In this structure, field curvature of the primary mirror is opposite with secondary 
mirror’s. So the field curvature can be reduced. [4] Classical Cassegrain system is shown in figure 1: 
Fig. 1. Classical Cassegrain system 
When the system is used as infrared early warning system, we can conside that: 
• The object is located in infinity. 
• The aperture is located on the primary mirror.                                        
Suppose that the primary and secondary mirror with the radius R1 and R2 ，and α, β are parameters. 
 
1 2 2
'
1 1 1
'
2 2
'
2 2
2l l h
f R h
l u
l u
α
β
= = ≈
= =
 
                                                                                                                                       (1) 
The follows formulas can be obtained from optical basic formula . 
'
1
2 1
'
1
2
1
(1 )
f
R
R R
d f
β
α β
β
α
=
=
+
= −
 
                                                                                                                                                                 (2) 
4571WANG Wen-fang et al. / Procedia Engineering 15 (2011) 4568 – 45734 WANG Wen-fang/ Procedia Engineering 00 (2011) 000–000 
 
In formulas, α determines the obscure ratio. βexpresses magnification of secondary mirror. The system’s 
F number equals to that F number of primary mirror is multiplied byβ.  d stands for the distance between 
primary and secondary mirror. By experience, when obscuration ratio and magnification of secondary 
mirror are known, the other structure parameters can be obtained .And then optimization by ZEMAX 
software, the required Cassegrain system can be obtained. 
2.4.  Mangin mirror design 
Mangin mirror system is shown in Figure 2 
 The front surface is coated anti-reflection film. The posterior surface is coated reflection increasing film. 
The ray transmits from front surface, and then it is incident to posterior surface. After that, the ray reflects 
from back surface into front surface, and then the ray is out from the front surface. The aberration of 
reflector is reduced by refractor. So  that the catadioptric system with big slope angle and ideal image can 
be reached.  It has three surfaces. The radius of the first surface equal to the third one’s, and it is labeled 
with R1. The radius of the second surface is labeled with R2. So the focus of Mangin mirror can be 
obtained . 
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In the formula, n is the refractive index of material[2] 
 
 
 
Fig. 2. Mangin mirror system 
2.5. Front calibration group and cold stop matching lens design
To make sure that the system meets the technical index, front calibration group not only reduces the 
system's aberration, but also plays the role of sharing most of the field. Owning to the small field of 
reflecting system, the angular magnification of front calibration group should be less than 0.3. So that 
the slope angle of reflecting system can be very small, and central obscuration ratio can meet the 
needs. Thus, the energy reaching the image plane is enough. 
Cold aperture matching lens with three pieces of lens are used to realize fully matching of cold 
aperture, and to be regarded as back calibration group. So high-quality image can be achieved. 
Through optimizing by ZEMAX software perfect optical structure can be obtained 
2.6. Structure and optical properties 
   According to technical index, the field of view is 8 degree. In order to avoid using of high-order  
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aspheric surface, the front calibration group is made of five pieces of lens to correct astigmatism and 
coma. And the primary and secondary mirrors is made of Mangin mirror. This method can 
compensate reflecting system for the off-axis aberration.. The Structure and optical  properties of  the 
ptical system  are shown as follows: 
 
Fig. 3.  The structure of optical system; 
 Figure 3 shows the structure of optical system.  From the figure, we can see  that the central obscuration 
ratio  of system is less than 0.4. 
             
        
              Fig. 4.  MTF of optical system .                                                Fig. 5.The energy diagram of the image plane    
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Fig. 6  The field curvature and distortion of the optical system              
Figure 4 shows MTF of optical system. The MTF of each field are relative good, approaching or 
reaching to the diffraction limit. This expresses the system has high image quality in all field . Figure 5 is 
the energy diagram of the image plane. The energy concentrated in a half of pixel is larger than seventy 
percentage. And the energy concentrated in the whole pixel is larger than eighty-five percentage. So there 
is enough energy in the target of the thermal imager. Figure 6 shows the field curvature and distortion of 
the optical system. From the figure, it can be seen that the maximum distortion is less than one percentage. 
So it meets to the technical index. Figure 7 is the system’s spot diagrams.  From Figure 7 , it can be seen 
that the RMS at each focal position are less than 30μm, which satisfy the requirement. 
3. Conclusion  
In the paper, a catadioptric infrared optical system with wide field of view is designed, which is used 
for the infrared early warning system for sea-based. Mangin mirror and front calibration group corrects 
off-axis aberration of reflecting system effectively, so the system avoids any high-order aspheric surface. 
Aperture matching lens do not only realize that cold aperture perfectly matches, but also images the first 
image plane to the thermal imager. In the paper, the field of optical system can get 8 degree. It meets the 
technical requirements, and the image quality is high in all field. 
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